Purpose: This post hoc analysis of a Japanese phase 3 randomized study (ClinicalTrials.gov identifier: NCT02248480) investigated relationships between changes in pain severity and changes in health-related quality of life (HRQoL) in duloxetine-treated patients with knee osteoarthritis (OA). Patients and Methods: Patients with knee OA and Brief Pain Inventory (BPI) average pain score ≥4 received duloxetine 60 mg/day or placebo for 14 weeks. Spearman rank correlation coefficients were calculated for change in pain severity, as assessed by the BPI, and change in HRQoL, as assessed by the items of the (i) 36-item Short-Form Health Survey (SF-36; a generic measure of HRQoL) and (ii) Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC; an OA-specific measure of HRQoL). Results: After 14 weeks of treatment, there was a significantly greater improvement (p<0.001) for duloxetine (n=177) vs placebo (n=176) in BPI average pain severity score and significantly greater improvements (p<0.01) for duloxetine vs placebo for 5 of the 8 SF-36 domains (including the Role-Physical, Bodily Pain, and Physical Functioning domains) and all 24 individual WOMAC items. The correlation between BPI change from baseline and SF-36 item change from baseline was statistically significant (p<0.05) for 2 of the 8 SF-36 items (Bodily Pain, Physical Functioning) in duloxetine-treated patients. The correlation between BPI change from baseline and WOMAC item change from baseline was statistically significant for 22 of the 24 WOMAC items in duloxetinetreated patients. Conclusion: This post hoc analysis suggested that the pain reduction observed in duloxetine-treated patients with knee OA was associated with improvements in OA-specific aspects of HRQoL, ie, pain and physical functioning. Keywords: 36-item Short-form Health Survey, Brief Pain Inventory, placebo effect, Western Ontario and McMaster Universities Osteoarthritis Index
• The researchers looked at whether people's pain affected their quality of life (QoL) during the study. Everyone rated their pain on a scale of 1 to 10 and completed two QoL questionnaires: ○ One with general QoL questions. ○ One with questions specifically designed for people with OA.
• Based on answers to the general QoL questions:
○ For the 177 people taking duloxetine, improved pain was related to better QoL for 2 out of 8 question groups. These 2 question groups asked about pain and movement. ○ For the 176 people taking placebo, improved pain was related to better QoL for 7 out of 8 question groups.
• Based on answers to the QoL questions specific to OA: ○ For people taking duloxetine, improved pain was related to better QoL for 22 out of 24 questions. ○ For people taking placebo, improved pain was related to better QoL for all 24 questions.
• These results suggest that for people taking duloxetine,
Introduction
Osteoarthritis (OA) of the knee is a disabling chronic condition, 1,2 which is highly prevalent in Japan. In the large-scale Research on Osteoarthritis Against Disability (ROAD) study conducted in Japan, the prevalence of knee OA in male and female participants aged ≥60 years was 47.0% and 70.2%, respectively. 3 The primary symptoms of knee OA are joint pain, stiffness, and loss of function, which lead to reduced health-related quality of life (HRQoL). 1, 4 Recent publications have also shown an association between painful OA and the risk of cardiovascular disease, 5, 6 which implies that OA pain has wider effects on a person's health and underlines the importance of OA pain management. OA treatment includes surgical and nonsurgical interventions. Nonsurgical interventions comprise nonpharmaceutical and pharmaceutical treatments, with analgesics being one of the key pillars for treating patients with OA. Current pharmaceutical treatments include acetaminophen, oral and topical nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, and intra-articular corticosteroids. 2, [7] [8] [9] However, these drugs have limited efficacy, provide benefit for only a proportion of patients, and/or their use is restricted by adverse events such as gastrointestinal bleeding and impairment of renal function. 2, 7, 9, 10 In particular, opioids are associated with the risk of abuse and addiction, while not showing an advantage over non-opioid medications with respect to improving pain-related function in patients with knee OA. 11 In light of the opioid epidemic, other, non-opioid, strategies for pain management in the treatment of knee OA are needed, with the treatment goals of improving HRQoL and physical function as well as reducing pain. Duloxetine, a selective serotonin-norepinephrine reuptake inhibitor, has shown efficacy in the treatment of knee OA, accompanied by an acceptable safety profile, in several randomized, placebo-controlled studies conducted in the US, Europe, China, and Japan. [12] [13] [14] [15] [16] According to the Osteoarthritis Research Society International (OARSI) treatment guidelines, duloxetine is classified as appropriate for individuals with knee OA without comorbidities and individuals with multiple-joint OA and relevant comorbidities, with uncertain appropriateness for individuals with knee-only OA and comorbidities. 9 In the randomized, placebo-controlled, phase 3 study conducted in 354 Japanese patients with knee OA, 16 duloxetine significantly reduced pain, as assessed by the Brief Pain Inventory (BPI). In addition, duloxetine improved knee function as assessed by the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC; an OA-specific measure of pain relief, stiffness, and functional improvement) and improved several aspects of HRQoL as assessed by the 36-item Short-Form Health Survey (SF-36; a generic measure of HRQoL). 16 Reducing pain intensity and improving HRQoL are the main treatment goals for knee OA. However, there are limited data on the correlation between improvement in pain severity and improvement in HRQoL in patients with knee OA. Information on which aspects of HRQoL may be improved with pharmaceutical interventions for pain would be useful for physicians in making treatment decisions and informing patients of likely treatment outcomes. In addition, placebo effects have been recognized in clinical trials, especially in the case of analgesics. 17 However, correlations between placebo analgesic effects and improvements in HRQoL are not well known.
The aim of the current post hoc analysis was to investigate correlations in duloxetine-treated patients between change in pain severity, as assessed by the BPI, and change in HRQoL, as assessed by the items of the SF-36 and the WOMAC in the previously conducted phase 3 study of duloxetine vs placebo in Japanese patients with knee OA. 16 In addition, correlations between change in pain severity and change in HRQoL were investigated in placebo-treated patients and compared with the correlations observed in duloxetine-treated patients.
Materials and Methods

Study Design
Full details of the study design have been published elsewhere. 16 This was a multicenter, randomized, placebocontrolled, double-blind, phase 3 study conducted at 47 medical institutions in Japan from October 2014 to June 2015. The study protocol was approved by the Institutional Review Board of each medical institution (Supplementary Table 1 ) and the study was conducted in accordance with Good Clinical Practice guidelines. All patients provided written informed consent before participating in the study. The study was registered at www.clin icaltrials.gov (NCT02248480).
Study Population
Male and female patients with knee OA were eligible for the study. Additional inclusion criteria were: age 40 to 79 years; pain for ≥14 days of each month for 3 months before study entry; BPI average pain score of ≥4; and satisfying the American College of Rheumatology criteria 18 for idiopathic knee OA (knee pain, bone spurs detected on plain X-ray images, and at least one of age >50 years, morning stiffness resolving within 30 mins, or crepitus). The main exclusion criteria were: previous administration of duloxetine; inflammatory arthritis (eg, rheumatoid arthritis) or autoimmune diseases (except Hashimoto's disease and type 1 diabetes); invasive treatment (eg, joint lavage or intra-articular hyaluronic acid or steroid injections) in either knee within 1 month before Visit 1; arthroscopic surgery of the affected joint within 1 year before Visit 1 or a history of joint replacement or osteotomy; end-stage OA (eg, patients with loss of joint space or loss of articular cartilage) or patients scheduled to undergo surgery of the affected joint during the study; major depressive disorders based on the Mini International Neuropsychiatric Interview. 19 
Treatment Protocol
The study period comprised a 1-to 2-week pretreatment period, a 14-week treatment period, a 1-week taper period, and a 1-week follow-up period. Patients were randomized to receive duloxetine 60 mg once daily (a 20-mg capsule for 1 week, two 20-mg capsules for 1 week, and three 20-mg capsules for 12 weeks) or matching placebo tablets. Drugs with analgesic effect (eg, NSAIDs) were permitted as rescue medication for up to 3 consecutive days and for a cumulative total of 20 days.
Assessments
Pain intensity was assessed using the BPI 24-hr average pain severity score (the primary outcome measure of the study 16 ), which measures average pain during the past 24 hrs. 20 The BPI average pain severity score was rated on a scale ranging from 0 ("no pain") to 10 ("pain as bad as you can imagine"). Generic quality of life was assessed using the SF-36, which comprises 36 questions divided into 8 domains: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, roleemotional, and mental health. 21 Each of the 8 domains was rated on a scale ranging from 0 to 100, with higher scores indicating better health and well-being.
Osteoarthritis-specific quality of life was assessed using the WOMAC, which comprises 24 questions divided into three subscales: pain, stiffness, and physical function. 22 Each of the WOMAC items was rated on a scale of 0 to 4, with lower scores indicating lower levels of symptoms or physical disability.
Outcome Measures
The efficacy outcome measures in this post hoc analysis were the change from baseline to Week 14 in BPI 24-hr average pain severity score, individual SF-36 item scores, and WOMAC total, pain, stiffness, and physical function subscale, and individual item scores.
Statistical Analysis
This post hoc analysis was performed on the full analysis set, which consisted of all randomized patients who received at least 1 dose of study drug and had a baseline and postbaseline BPI average pain severity score. Analysis of covariance was used to compare the change from baseline to Week 14 for duloxetine vs placebo in BPI average pain severity score, SF-36 item scores, and WOMAC total, subscale, and item scores. Spearman rank correlation coefficients were calculated for (i) change in pain severity (as assessed by the BPI) at Week 14 and change in generic HRQoL (as assessed by the SF-36 items) at Week 14 and (ii) change in pain severity (as assessed by the BPI) at Week 14 and change in OA-specific HRQoL (as assessed by the WOMAC items) at Week 14. The correlation coefficients were calculated separately for duloxetine-and placebo-treated patients. When the value at Week 14 was missing, the last observation carried forward method was used for the imputation. Data were missing for 17/177 patients (9.6%) in the duloxetine group and 15/176 patients (8.5%) in the placebo group for the BPI and each of the items of the SF-36 and WOMAC scales. Statistical tests were performed at a two-sided significance level of 0.05. Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
Results
Demographic and Baseline Clinical Characteristics
In total, 354 patients were randomized, with 353 patients analyzed for efficacy: 177 patients received duloxetine and 176 patients received placebo. The mean (standard deviation [SD]) baseline BPI average score was 5.0 (1.0) and 5.1 (1.0) in the duloxetine and placebo groups, respectively ( Table 1) . The mean baseline SF-36 item scores were similar between the duloxetine and placebo groups ( Table 2 ). Two of these 3 items, SF363 and SF361, were the 2 worst-rated SF-36 items at baseline. As reported previously, 16 after 14 weeks of treatment, there were significantly greater improvements (p<0.05) in the duloxetine group compared with the placebo group in the WOMAC total score and pain, stiffness, and physical subscale scores (Table 2 ). In addition, there were significantly greater improvements for duloxetine vs placebo in all of the 24 individual WOMAC items ( Table 2 Table 2 ). The 2 worst-rated WOMAC items at baseline, PAIN2W and PFTN8W, were also significantly improved from baseline.
Correlations Between BPI Change from Baseline and SF-36 Item Change from Baseline
In duloxetine-treated patients, the correlation between BPI change from baseline and SF-36 item change from baseline was statistically significant (p<0.05) for 2 of the 8 SF-36 items (25%; Table 3 ). The correlation coefficient was negative for all SF-36 items, meaning that a decrease in BPI score (ie, improvement in pain severity) was associated with an increase in SF-36 item score (ie, improvement in HRQoL). The two strongest correlations between BPI change from baseline and SF-36 item change from baseline were SF363 (Bodily Pain; Spearman correlation: −0.452) and SF361 (Physical Functioning; Spearman correlation: −0.289) ( Table 3) .
In contrast to duloxetine-treated patients, the correlation between BPI change from baseline and SF-36 item change from baseline in placebo-treated patients was statistically significant (p<0.05) for 7 of the 8 SF-36 items (87.5%; Table 3 ). As observed for duloxetine-treated patients, the two strongest correlations between BPI change from baseline and SF-36 item change from baseline for placebo-treated patients were SF363 (Bodily Pain; Spearman correlation: −0.502) and SF361 (Physical Functioning: −0.289; placebo: −0.326) ( Table 3 ). For each of the SF-36 items, the size of the correlation coefficient was larger in placebo-treated patients than duloxetine-treated patients.
Correlations Between BPI Change from Baseline and WOMAC Item Change from Baseline
In duloxetine-treated patients, the correlation between BPI change from baseline and WOMAC item change from baseline was statistically significant (p<0.05) for the total score, the pain, physical function, and stiffness subscale scores, and 22 of the 24 WOMAC items (91.7%; Table 4 ). The strongest correlations between BPI change from baseline and WOMAC item change from baseline were PFTN23W ("How much difficulty have you had while doing heavy household chores?"; Spearman correlation: 0.428), PAIN2W ("How much pain have you had when going up or down stairs?"; Spearman correlation: 0.421), and PFTN24W ("How much difficulty have you had while doing light household chores?"; Spearman correlation: 0.401) ( Table 4 ). In placebo-treated patients, the correlation between BPI change from baseline and WOMAC item change from baseline was statistically significant (p<0.001) for the total score, the pain, physical function, and stiffness subscale scores, and all 24 WOMAC items (100%; Table 4 ). The strongest correlations between BPI change from baseline and WOMAC item change from baseline were PAIN2W ("How much pain have you had when going up or down stairs?"; Spearman correlation: 0.591), PFTN8W ("How much difficulty have you had when going down stairs?"; Spearman correlation: 0.555), and PAIN1W ("How much pain have you had when walking on a flat surface?"; Spearman correlation: 0.539) ( Table 4 ). For most of the WOMAC items, the size of the correlation coefficient was larger in placebo-treated patients than in duloxetinetreated patients.
Discussion
Treatment goals for patients with knee OA include improving HRQoL as well as reducing pain intensity. Few studies have demonstrated correlations between pain reduction attributed to analgesics with the amelioration of HRQoL. The primary report from this study 16 showed that duloxetine treatment both reduced pain (as assessed by the BPI) and improved HRQoL (as assessed by the SF-36 and WOMAC) in Japanese patients with knee OA. This post hoc analysis extends these findings by showing that there were correlations between pain reduction in duloxetinetreated patients and improvements in the SF-36 items related to pain and physical functioning and improvements in nearly all items of the OA-specific WOMAC. These results suggest that the pain reduction resulting from duloxetine treatment is associated with improvements in the disease-specific aspects of HRQoL that are compromised in patients with knee OA. In duloxetine-treated patients, the correlation between pain reduction and SF-36 item change from baseline was statistically significant for 2 of the 8 SF-36 items, namely, SF363 (Bodily Pain) and SF361 (Physical Functioning). In contrast, in placebo-treated patients, the correlation between pain reduction and SF-36 item change from baseline was statistically significant for all SF-36 items except SF366 (Social Functioning). These results suggest that pain reduction in response to duloxetine treatment was associated with improvements in specific aspects of HRQoL related to OA (ie, pain and physical functioning, which were the 2 worstrated SF-36 items at baseline), while the pain reduction in response to placebo treatment appeared to be associated with broader effects on HRQoL, with improvements in general aspects of HRQoL as well as pain and physical functioning. Intriguingly, the correlation coefficient values were higher in placebo-treated patients than in duloxetine-treated patients. However, it should be noted that the magnitude of improvement in the SF-36 items was smaller in placebo-treated patients than in duloxetine-treated patients, which may be suggestive of a placebo effect. It has been reported that expectation of benefit is one of the mechanisms contributing to placebo analgesia, which activates the reward system of the brain to reduce pain. [23] [24] [25] It might be possible that different mechanisms of action between duloxetine and placebo in reducing pain are responsible for the different patterns of correlations between pain reduction and improvement in HRQoL, as assessed by the generic HRQoL measure SF-36, in the two treatment groups. Duloxetine treatment significantly improved all of the individual WOMAC items in this study population compared In duloxetine-treated patients, the correlations between pain reduction and WOMAC item change from baseline were statistically significant for all but 2 of the 24 items, indicating that pain reduction from duloxetine treatment was associated with improvement in aspects of HRQoL associated with knee OA. The two WOMAC items for which the correlations were not statistically significant (PFTN21W: How much difficulty have you had while sitting?; PFTN19W: How much difficulty have you had while lying in bed?) might be less sensitive indicators of the pain reduction associated with duloxetine treatment. In placebo-treated patients, the correlations between pain reduction and WOMAC item change from baseline were statistically significant for all 24 WOMAC items. As observed for the SF-36, the magnitude of improvement in the WOMAC items was smaller in placebotreated patients than duloxetine-treated patients, and the correlation coefficient values were higher in placebo-treated patients than duloxetine-treated patients, which may be suggestive of a placebo effect. However, we note the difficulty of determining a placebo effect based on high correlation coefficient values given that correlation coefficient values can be high even if both pain and HRQoL do not improve. Placebo effects on OA-specific aspects of HRQoL have been documented, with a meta-analysis of 198 trials with 193 placebo groups (16,364 patients) showing that placebo treatment was effective in relieving pain (usually assessed by the WOMAC pain score) and improving stiffness and function in patients with hand, hip, or knee OA. 17 It may be noted that the three WOMAC items for which the correlation between pain reduction and improvement in HRQoL was stronger in duloxetinetreated patients than placebo-treated patients were related to physical function, in particular, doing heavy (PFTN23W) and light (PFTN24W) household chores and getting in or out of a car (PFTN14W). Strengths of this analysis include the study being a randomized, placebo-controlled, double-blind, phase 3 study and the use of individual item scores in the HRQoL analyses. The use of two HRQoL measures allowed assessment of the effect of duloxetine treatment on different aspects of HRQoL. The SF-36, being a generic measure, assesses the effect of treatment on a patient's general health, including assessment of side effects of treatment that may be unrelated to the condition. In contrast, the WOMAC is an OA-specific measure, which assesses the effect of treatment on the domains of HRQoL directly affected by the condition itself. In addition to its post hoc nature, limitations of this analysis include the study being conducted in Japanese patients only and the treatment duration being relatively short and, therefore, the analysis results might not be applicable for other populations or longer treatment durations. Another limitation of the correlation analyses is that it is not possible to determine a causal direction for the correlations, only to state that there was an association between pain reduction and improvement in HRQoL. More complex analyses, for example, mediation models, are required to determine the direction of the relationship between these two parameters. We note that there may be other interactions that influence the associations between pain reduction and improvement in HRQoL. For example, if individual HRQoL items are correlated with each other, then it is difficult to assess whether the correlation between the change in HRQoL item and the change in pain item is a direct or indirect effect. We also note the exploratory nature of these analyses and that the results should be interpreted with caution. Future research into the relationship between pain and HRQoL in patients with knee pain from OA requires studies specifically designed to examine this relationship. Such studies should employ statistical methods capable of interpreting complex interactions between pain and HRQoL, as assessed by the instruments constructed to evaluate these parameters.
In conclusion, this post hoc analysis found different correlation profiles for pain reduction and improvements in HRQoL between duloxetine-and placebo-treated patients with knee OA. The results suggest that the pain reduction observed in this population of duloxetine-treated patients was associated with improvements in OA-specific aspects of HRQoL. In contrast, the pain reduction observed in placebo-treated patients was associated with improvements in a broad spectrum of HRQoL domains, possibly due to a placebo effect.
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